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Acute Responses to Salinity for Sunshine Bass and Palmetto Bass
JOSEPH J. MYERS1 AND CHRISTOPHER C. KOHLER*
Fisheries and Illinois Aquaculture Center and Department of Zoology,
Southern Illinois University at Carbondale, Carbondale, Illinois 62901-6511, USA
Abstract.—Differences in salinity tolerance and osmoregulatory performance between sunshine
bass (white bass Morone chrysops / 3 striped bass M. saxatilis ?) and palmetto bass (striped
bass / 3 white bass ?) were evaluated by using direct-transfer toxicity testing and monitoring
of plasma osmolality during salinity elevation. The 24-h LC50 (concentration lethal for 50% of
test animals) for sunshine bass was a salinity of 27.9‰ with a 95% lower and upper confidence
interval (CI) of 24.5‰ to 36.2‰. The 24-h LC50 for palmetto bass was 28.0‰ with a 95% CI
of 26.2‰ to 30.8‰. Test temperatures during this interval ranged from 19.68C to 21.78C, and the
LC50 values for both crosses did not differ significantly. Differences in osmoregulatory perfor-
mance were determined by sampling blood plasma osmolality (mmol/kg) during a stepwise ele-
vation in salinity from freshwater to 52‰. Plasma osmolality of sunshine bass was significantly
higher at 11‰, but osmolality of palmetto bass was higher at 41‰ and 52‰. Sunshine bass
maintained baseline plasma osmolality through 41‰, whereas palmetto bass could only maintain
baseline osmolality through 31‰. Although both crosses have similar tolerance to increasing
salinity in terms of survival, sunshine bass appear to tolerate osmoregulatory stress better than
palmetto bass, based on blood plasma osmoregulation.
Intensive research efforts in aquaculture have
been devoted toward the family Moronidae (for-
merly included within Percichthyidae [Johnson
1984]) since the 1960s. Although most of the early
attention was focused on restoring populations of
striped bass Morone saxatilis (Stevens 1989), more
than 19 hybrid crosses, backcrosses, and trihybrid
crosses have been artificially produced among
members of the genus Morone (Kerby and Harrell
1990). The most popular crosses for food fish pro-
duction have been hybrids between the striped bass
and the white bass M. chrysops. Crossing a female
striped bass with a male white bass yields the orig-
inal cross hybrid striped bass, or palmetto bass.
Crossing a female white bass with a male striped
bass produces the reciprocal cross, or sunshine
bass.
Pond culture of hybrid striped bass is typically
divided into three phases. Phase I involves stock-
ing fry into fertilized ponds and harvesting fin-
gerlings of about 1 g in size 45–60 d after stocking.
These fish are graded and redistributed into ponds
for phase II, which is complete when the fish are
harvested at the end of the first growing season at
a size of 0.1 kg (5–6 months poststocking). After
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a second grading, fish are stocked and harvested
at market size of about 0.75 kg at the end of the
second growing season (12 months poststocking;
phase III).
Popularity of hybrid striped bass in domestic
and international food fish markets has expanded
aquaculture efforts of these fish in a wide range
of environmental salinities. Hybrid striped bass
have been successfully grown to a market size in
freshwater, brackish water, and seawater, but fish
at different production phases have different sa-
linity requirements (Tomasso 1997). An ontogenic
shift in salinity tolerance has also been docu-
mented among various tilapia species and hybrids
in the genus Oreochromis (Watanabe et al. 1985).
Salinity tolerance of the developmental stage in
question should be considered because salinities
of production facilities may be much different than
salinities of nursery waters.
Saline water may be beneficial in Morone cul-
ture. In two contrasting studies assessing estuarine
cage culture of hybrids of striped bass (cross not
specified), Williams et al. (1981) demonstrated
growth to be positively correlated with salinity,
whereas Woods et al. (1983) reported that salinity
negatively affected growth of palmetto bass.
Growth of white bass at salinities of 0–12‰ was
significantly higher than at 16–20‰ (Heyward et
al. 1995).
Although little literature exists on the salinity
requirements of hybrid striped bass embryos and
fry, survival of striped bass in these early stages
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at different salinities has been documented. Low
to moderate salinities (1–10‰) increase striped
bass embryo and fry survival (Albrecht 1964; Lal
et al. 1977; Morgan et al. 1981). Salinities greater
than 9‰ were shown to compromise the devel-
opment of striped bass embryos and fry in the
Savannah River. Salinities greater than 24‰ re-
sulted in 100% mortality (Winger and Lasier
1994).
Tolerance to salinity increases as moronids grow
into the fingerling stages (Kerby 1986). Fish are
frequently handled and transported at these phases
of production. Increasing the salinity of the trans-
port water is one technique used to ease osmoreg-
ulatory stress associated with handling (Wede-
meyer et al. 1990). Wattendorf and Shafland
(1982) reported that phase II original and recip-
rocal-cross hybrid striped bass can survive direct
transfers between freshwater and seawater. This
extreme change in salinity exceeds the recom-
mended salinities used to ease osmoregulatory
stress, but demonstrates that hybrid striped bass
are considerably euryhaline. Rebush and Heath
(1997) discovered that a salinity of 5‰ is sufficient
to ameliorate stress responses in hybrid striped
bass fingerlings. White bass are traditionally found
in freshwater, but also exhibit some degree of eu-
ryhalinity. Heyward et al. (1995) found that white
bass survival was greater in low to moderate sa-
linities (0–12‰) than in higher salinities (16–
20‰).
Increasing the hardness of transport water is an-
other technique used to ease osmoregulatory stress
during handling. Grizzle and Mauldin (1995) dem-
onstrated that phase I striped bass succumb in 5‰
sodium chloride if the calcium concentration is
below 15 mg/L. Calcium did not affect survival
of phase II and larger striped bass (Grizzle et al.
1990; Mazik et al. 1991). Calcium is also impor-
tant to the survival of striped bass fry (Kane et al.
1990; Grizzle et al. 1992). In addition to hardness,
various trace elements affect the salinity tolerance
of striped bass (Dwyer et al. 1992). No literature
could be located on the effect of hardness or trace
elements on salinity tolerance of hybrid striped
bass.
Rebush and Heath (1997) used plasma osmo-
lality to monitor the recovery of fed and fasted
sunshine bass in recovery water of different salin-
ities. Plasma osmolality did not differ in sunshine
bass exposed to different concentrations of envi-
ronmental calcium (Seals et al. 1994). Plasma os-
molality of sunshine bass decreased at low salin-
ities (1‰), remained near levels at 8‰, and in-
creased at higher salinities (16‰ and 24‰; Weir-
ich et al. 1992). In the same study, plasma
osmolality decreased from baseline levels with in-
creasing calcium in freshwater. Osmolality has
also been used as an indicator of stress in striped
bass (Davis and Parker 1990; Hunn et al. 1992).
Salinity tolerance has been monitored by measur-
ing plasma osmolality in other teleostean species
such as largemouth bass Micropterus salmoides
(Meador and Kelso 1990), red drum Sciaenops
ocellatus (Crocker et al. 1983), and among five
species of sciaenids (Mavares and Pe´rez 1984).
Although economically feasible production has
been achieved with both the sunshine and palmetto
bass, most production in recent years has shifted
toward the sunshine bass. In 1996, 19 of 23
(82.6%) commercial producers surveyed produced
sunshine bass (Kahl 1997). The main reasons for
this trend result from efforts to increase the effi-
ciency of commercial hybrid production. Female
white bass are easier to obtain and handle than
female striped bass, and striped bass semen can
be extended or cryopreserved and easily shipped
to inland production facilities (M. Freeze, Keo
Fish Farms, personal communication). Rudacille
and Kohler (2000) provide evidence based on per-
formance for this production bias. Compared with
palmetto bass, phase II and phase III sunshine bass
in water reuse systems display significantly higher
relative growth, average daily growth, relative
weight, and feed conversion ratio to a market size.
Distinctions between sunshine bass and palmetto
bass have also been made using meristics and mor-
phometrics (Harrell and Dean 1988). Differences
in leukocyte counts, hematocrit, and hemoglobin
have been identified between sunshine and pal-
metto bass (Hrubec et al. 1996). Because striped
bass are anadromous and white bass are freshwater
inhabitants, differences in acute salinity tolerance
may also exist between sunshine and palmetto
bass.
Commercial producers of the hybrids prefer to
produce sunshine bass to palmetto bass (Kahl
1997). Some distinctions have been made in the
past between the two crosses (Harrell and Dean
1988; Hrubec et al. 1996), but only recent research
efforts have identified differences in performance
(Rudacille and Kohler 2000). The objective of this
study was to determine if sunshine and palmetto
bass differ in their responses to salinity.
Methods
Both sunshine and palmetto bass were received
from Blackwater Fish Research and Development
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Center in Holt, Florida, after the first phase of
production. The fish originated from mixed
spawns, and ranged from 45 to 60 d in age. Both
crosses were shipped by next-day air in separate
double-bagged and chilled Styrofoam boxes. Upon
arrival, fish were acclimated to a water reuse sys-
tem consisting of 2,000-L circular tanks with a
pressurized sand filter and crushed limestone biof-
iltration. Fish were held for 2 weeks before testing
and were fed a daily maintenance diet of #2 crum-
ble trout diet (40% crude protein) until 24 h before
experimentation. Cannibals were periodically re-
moved from the tanks.
Dechlorinated municipal water was cycled for
2 weeks through a crushed limestone biofilter. This
system contained no fish and served as the source
of freshwater throughout the study. All total am-
monia nitrogen and nitrite measurements were
made with a DREL/1C portable colorimeter (Hach
Company, Loveland, Colorado). Total ammonia-N
was less than 0.1 mg/L, nitrite was measured at
0.007 mg/L, pH was 8.3, and free chlorine was
undetectable in the source water. The salinity of
the source water was measured at 1‰. Experi-
mental salinities were established using a saturated
synthetic seawater solution with a concentration
of 33.5% (335‰). Synthetic sea salt was chosen
over rock salt to eliminate any effect of divalent
ion or trace element deficiencies on salinity tol-
erance. This solution was prepared by mixing In-
stant Ocean (Aquarium Systems, Mentor, Ohio) to
saturation with the source water, and 24 h after
mixing, no free chlorine was detected in this so-
lution upon addition of o-toluidine to a sample.
This solution was mixed thoroughly and trans-
ferred to a head tank where the solution could be
delivered by gravity to the testing area and diluted
to the desired test salinity. The proper concentra-
tion in each test aquarium was achieved by diluting
the saturated sea salt solution to volume with the
conditioned source water.
Range-finding salinity tolerance test.—A non-
renewal static toxicity test was designed following
the procedures described by Peltier and Weber
(1985). The testing area consisted of a series of
38-L aquaria. A range of salinities was established
for each cross (5, 10, 15, 20, 25, 30, 35, 40, and
45‰) plus a control. The control tank contained
only source water with no added sea salt. This
dechlorinated, conditioned source water contained
a 1‰ equivalent salinity. Salinities were measured
with a model SR1 temperature-compensated salin-
ity refractometer (Aquatic Eco-Systems, Apopka,
Florida) to an accuracy of 1‰. Dissolved oxygen
and temperature were measured in all test aquaria
with a model 54A oxygen meter equipped with a
thermistor (Yellow Springs Instruments, Yellow
Springs, Ohio) and pH was recorded with a pH 57
ESD (Aquatic Eco-Systems, Apopka, Florida). All
tanks received gentle aeration of compressed air
through an air stone.
Ten plastic bags for each cross were assigned to
each of 10 salinity treatments. Ten fish of each
cross were randomly netted from the acclimation
system and placed into individual plastic bags. Ex-
cess water was drained through a small net and all
10 fish from each bag were directly transferred to
their assigned treatment within 5 min. Behavior
and condition of fish were noted upon transfer.
Mortalities were recorded and dead fish were re-
moved at 6, 24, 48, 72, and 96 h postexposure.
Salinities were measured and adjusted as neces-
sary at these intervals. These measurements did
not vary by more than 1‰ from the target salinity.
Excluding sampling periods, all aquaria were cov-
ered with black plastic.
Definitive salinity tolerance tests.—Fish were
graded every other day in the acclimation system,
but significant mortality resulted from cannibal-
ism, especially among the sunshine bass. Addi-
tional sunshine bass were obtained from Keo Fish
Farms, Inc., Keo, Arkansas and combined with
remaining Florida sunshine bass to perform the
definitive tests. Fish were acclimated for 1 week
before testing and fed daily until 24 h before ex-
perimentation. No additional palmetto bass could
be obtained, so the remaining Florida fish were
used in the definitive tests. Palmetto bass averaged
8.7 6 1.3 g and sunshine bass averaged 6.2 6 1.8
g. These sizes were significantly different (P 5
0.0006). Fish used in the definitive tests were ap-
proximately 80 d of age.
A mean LC50 value of approximately 26‰ for
both crosses was obtained from the range-finding
test. There were no significant differences in mor-
tality between the 24-h and 48-h intervals. The cen-
tral value for the range of salinities in the definitive
tests was approximately 26‰. A multiplier of 0.91
was used in constructing a geometric series of test
concentrations. The salinities for the definitive test
were 16, 18, 20, 22, 24, 26, 29, and 33‰ plus a
control with only source water (1‰). These salin-
ities were randomly assigned to test aquaria in trip-
licate for each cross. Salinities were established and
10 fish were transferred to each test aquarium in
the same manner as in the range-finding test.
Salinities 1‰ (control) through 26‰ were run
first, followed a week later by salinities 29–33‰
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and an additional control of source water (1‰).
For analytical purposes, the results from these two
trials for each replicate were combined into one
medial lethal test representing all salinities. Dead
fish were removed and their numbers were re-
corded. Salinities were measured and adjusted as
necessary, and ammonia was measured in the con-
trols at 6, 24, 48, 72, and 96 h. Temperature was
measured initially and at 48 and 96 h postexposure.
Dissolved oxygen was measured initially and at
48 h postexposure.
Osmoregulatory performance.—A saturated
synthetic sea salt solution was made by mixing
Instant Ocean to excess with source water, and 24
h postmixing, no free chlorine was detected in the
solution upon addition of o-toluidine to a sample.
A water reuse system consisting of a battery of
38-L aquaria was filled with dechlorinated munic-
ipal water and allowed to circulate with no fish for
3 weeks. The system was equipped with a sub-
merged biofilter with crushed limestone and com-
mercial plastic balls. Sunshine bass (9.5 6 2.3 g)
and palmetto bass (11.8 6 4.0 g) differed signif-
icantly in size (P 5 0.018). These fish were ap-
proximately 120 d of age and were transferred
from a holding system to separate, randomly as-
signed aquaria. Six fish were stocked into each
tank, and each cross was replicated four times.
Each aquarium received compressed air through
an air stone. Water flow into each aquarium was
adjusted to 6.4 L/min. Fish were acclimated to the
system for 2 weeks. All fish were fed to satiation
two times per day during this period. Feed was
withheld for the 24 h before testing began, and the
biofilter was bypassed. This reduced the volume
of the system and therefore decreased the amount
of saturated seawater needed to achieve the desired
salinity. Before the addition of any salt, one fish
from each aquarium was removed and anesthetized
in tricaine methanesulfonate (MS-222) buffered
with sodium bicarbonate. Fish were fully sedated
within 20 s and weights and lengths were measured
and recorded for each fish. The tail was severed
and up to three heparinized hematocrit tubes of
blood were taken from the caudal artery and vein.
Tubes were capped and centrifuged at 8,000 rev-
olutions/min for 5 min. The plasma portion of the
blood was collected in sample vials and stored on
ice. Blood samples were collected and analyzed
by methods described by Wedemeyer and Yasutake
(1976).
Based on the calculated volume of the system,
an appropriate volume of the saturated salt water
was added to the system to elevate the salinity by
10‰ over 2 h. This was achieved by adding the
saturated seawater to an extra aquarium within the
system and initiating flow. Salinities were mea-
sured and adjusted as necessary 30 min before
sampling. One fish from each aquarium was again
removed and analyzed at the newly established
salinity; a process that took about 1 h. The process
of raising salinity and sampling fish was repeated
until values from each aquarium were obtained at
salinities of 1, 11, 21, 31, 41, and 52‰. The order
in which the aquaria were sampled within the hour
of sampling was randomly changed so that both
crosses received, on the average, equal duration
following a salinity elevation. Plasma osmolality
was determined 24 h after collection with a 5100C
vapor pressure osmometer (Wescor, Inc., Logan,
Utah).
Data analysis.—Although tests were carried out
to 96 h, only 24-h LC50 values for salinity are
reported. For palmetto bass and sunshine bass, re-
spectively, 96.6% and 93.3% of 96-h mortality oc-
curred within 24 h. Cumulative mortality data for
each cross at the 24-h interval were analyzed using
Probit analysis (Finney 1971). Data from each
cross were pooled and tested for normality using
Pearson chi-square goodness-of-fit tests at a 5
0.10. Distributions for sunshine bass and palmetto
bass were not normal (P 5 0 and 0.0266, respec-
tively), so 95% confidence intervals, CIs) for each
24-h LC50 were calculated using a t-value of 2.36.
Size of fish and un-ionized ammonia concentra-
tions in controls were also analyzed by cross using
a one-way analysis of variance (ANOVA). Dif-
ferences among means were detected with Tukey’s
Studentized range test at a 5 0.05.
Total osmolality was analyzed between crosses
at each salinity and for each cross by salinity using
a one-way ANOVA for each comparison. Per-
centage data were arcsine transformed before anal-
ysis. All statistical analyses were performed using
SAS (SAS Institute, Cary, North Carolina).
Results
No differences in salinity tolerance could be de-
tected between crosses. The 24-h LC50 of salinity
for sunshine bass was determined to be 28.0‰
with a 95% CI of 26.3–30.8 (Figure 1). The 24-h
LC50 of salinity for palmetto bass was determined
to be 27.9‰ with a 95% CI of 24.5–36.2. Tem-
peratures during this interval ranged from 19.68C
to 21.78C.
Un-ionized ammonia (UIA-N) concentrations in
controls were significantly different between sun-
shine and palmetto at the 24-h interval, but the
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FIGURE 1.—Mean percent mortality versus salinity (ppt) at 24 h posttreatment for sunshine bass (solid line) and
palmetto bass (broken line). Lines with lesser weight represent the lower (LCI) and upper (UCI) 95% confidence
intervals. Mean LC50 values (ppt) for each cross are included in the legend.
TABLE 1.—Total osmolality (SD) at selected sampling
intervals for sunshine and palmetto bass exposed to in-
creasing salinity. Significance was determined at a 5 0.05.
Within columns, values without a letter in common are
significantly different; letters indicate significant differenc-
es between salinity transition within a cross (column), as-
terisks indicate a significant difference between hybrid
types (row) at the salinity.
Salinity
(‰)
Total plasma osmolality (mmol/kg)
Sunshine bass Palmetto bass
1 360 (33) z 351 (20) z
11* 384 (26) z 348 (7) z
21 366 (14) z 361 (3) yz
31 343 (20) z 357 (14) yz
41* 366 (9) z 400 (9) y
52* 451 (20) y 530 (39) x
effect of these differences is deemed negligible.
The highest observed measurement was 0.037 mg/
L UIA-N, which is less than one-tenth of the re-
ported LC50 for sunshine bass (Oppenborn and
Goudie 1993). Dissolved oxygen (DO) was ade-
quate (.6.4 mg/L) in all aquaria, and pH ranged
from 8.0 to 8.2 in test salinities and was 8.3 in
controls.
Fish exhibited increased gill ventilation rates
and swam erratically for several minutes upon
transfer into the test salinities. The fish were neu-
trally buoyant in the freshwater holding system,
but were initially positively buoyant upon transfer
into the higher density salt water. The fish swam
in a downward position until neutral buoyancy was
achieved, usually within a few hours.
Sunshine bass displayed a significantly higher
total osmolality than palmetto bass (Table 1) at
11‰. Palmetto bass had a significantly higher total
osmolality than sunshine bass at the two highest
salinities (41‰ and 52‰). The highest osmolality
for sunshine bass was observed at 52‰, which was
significantly higher than at all other salinities. The
osmolality of palmetto bass, at 52‰, was higher
than at all other salinities, and the observation at
41‰ was significantly higher than osmolality at
1‰ and 11‰.
Discussion
No differences in salinity tolerance between
sunshine and palmetto bass was detected using
direct-transfer toxicity tests. Direct transfer of
hybrid striped bass fingerlings into salinities of
about 28‰ will cause mortality to half of the fish
within 24 h at temperatures of about 218C. Re-
sponses may differ at other temperatures. The le-
thal effects of salinity display a threshold effect.
When fish are exposed to salinities approaching
the LC50, small increases by a few parts per thou-
sand could potentially cause significantly higher
mortality. This threshold effect could also explain
the nonnormal distribution of data for both cross-
es.
Monitoring plasma osmolality during salinity
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acclimation was more revealing in identifying dif-
ferences between sunshine and palmetto bass than
direct transfer tests (Table 1). Baseline osmolality
of both crosses before the addition of salt did not
differ significantly, making comparisons during
the elevation in salinity possible. Osmolality of
sunshine bass was significantly higher after the
initial salinity elevation (11‰). These observa-
tions indicate that both sunshine and palmetto bass
differ in their responses to initial salinity exposure.
This relationship changed at both 41‰ and 52‰,
concentrations at which mean osmolality of pal-
metto bass was higher than osmolality of sunshine
bass. The inability to regulate osmolality was
reached at a lower experimental salinity by pal-
metto bass.
The highest salinities at which the fish were
sampled exceeded levels that would typically be
experienced in routine aquaculture operations.
However, the differences in blood osmolaties ob-
served at 41‰ would probably have manifested at
a lower salinity during the transition from 31‰ to
41‰, possibly near to 35‰, the typical salinity
for surface seawater (Spotte 1992). Additional
studies are needed to determine the precise salinity
osmoregulatory differences that occur between
sunshine bass and palmetto bass.
Seals et al. (1994) reported an osmolality of
327–350 mmol/kg for juvenile sunshine bass held
in freshwater with varying calcium concentrations.
Baseline plasma osmolality for hybrid striped bass
(cross not specified) phase I fingerlings of 18.5 g
and 19.4 g held at 1‰ is reported to be 310 6 4
and 344 6 7 mmol/kg, respectively (Weirich et al.
1992). Baseline osmolality for sunshine bass (360
6 33) in this study slightly exceeded those values.
Crocker et al. (1983) transferred juvenile red
drum from seawater to freshwater (decreased sa-
linity) and observed a drop in plasma osmolality.
Both the sunshine and palmetto bass in this study
demonstrated an increase plasma at the highest
salinities. Some changes were observed at inter-
mediate salinities with both crosses, but none of
these were significant. Both crosses were mori-
bund at these highest salinities, and osmolality
greatly exceeded the previously reported value;
therefore, abnormally high osmolality appears to
be a cause of death from lethally high salinity.
With respect to osmolality, two observations
from this study indicate that sunshine bass are
more capable of handling osmoregulatory stress
than palmetto bass. When exposed to increasing
salinities, sunshine bass maintained a significantly
lower plasma osmolality than palmetto bass, most
notably during hypermarine conditions when high
salinity becomes lethal. Sunshine bass also main-
tained plasma osmolality not different from con-
trols, increasing in salinity through 41‰. Palmetto
bass could only maintain plasma osmolality not
different from controls through 31‰. These re-
sults, coupled with superior growth and perfor-
mance as reported by Rudacille and Kohler (2000),
provide evidence that sunshine bass appear to be
a more vigorous hybrid than the palmetto bass,
and consequently better suited for aquaculture.
Acknowledgments
This publication is based, in part, upon research
conducted by the senior author for the purpose of
fulfilling the Master of Science requirement in the
Department of Zoology and Graduate School,
Southern Illinois University at Carbondale
(SIUC). We thank the members of the Department
of Zoology and the Fisheries and the Illinois Aqua-
culture Center at SIUC who assisted with this
study. Roy C. Heidinger and Robert J. Sheehan
suggested helpful revisions, Richard S. Halbrook
provided recommendations for toxicity data anal-
ysis, and Melissa Goerlitz assisted with the he-
matological experiments. We would especially like
to thank Hal Griffin III of North State Fisheries,
Dave Yeager of Blackwater Fisheries Center and
Martha Melkovitz and Mike Freeze of Keo Fish
Farms for providing the hybrid striped bass used
in this research. This manuscript is a result of work
partially sponsored by the North Central Regional
Aquaculture Center under grant 95-38500-1410
from the U.S. Department of Agriculture. Refer-
ences to trade names and companies do not imply
endorsement.
References
Albrecht, A. B. 1964. Some observations on factors
associated with survival of striped bass eggs and
larvae. California Fish and Game 50:100–113.
Crocker, P. A., C. R. Arnold, J. A. DeBoer, and G. J.
Holt. 1983. Blood osmolality shift in juvenile red
drum, Sciaenops ocellatus L., exposed to fresh wa-
ter. Journal of Fish Biology 23:315–319.
Davis, K. B., and N. C. Parker. 1990. Physiological
stress in striped bass: effect of acclimation temper-
ature. Aquaculture 91:349–358.
Dwyer, F. J., S. A. Burch, C. G. Ingersoll, and J. B.
Hunn. 1992. Toxicity of trace element and salinity
mixtures to striped bass (Morone saxatilis) and
Daphnia magna. Environmental Toxicology and
Chemistry 11:513–520.
Finney, D. J. 1971. Probit analysis, 2nd edition. Cam-
bridge University Press, Cambridge, UK.
Grizzle, J. M., and A. C. Mauldin II. 1995. Effect of
201RESPONSES TO SALINITY
calcium on acute toxicity of sodium chloride to lar-
val and newly transformed juvenile striped bass.
Journal of Aquatic Animal Health 7:298–303.
Grizzle, J. M., A. C. Mauldin II, and C. J. Ashfield.
1992. Effect of sodium chloride and calcium chlo-
ride on survival of larval striped bass. Journal of
Aquatic Animal Health 4:281–285.
Grizzle, J. M., A. C. Mauldin II, D. Young, and E. Hen-
derson. 1990. Effects of environmental calcium and
sodium on postharvest survival of juvenile striped
bass. Journal of Aquatic Animal Health 2:104–108.
Harrell, R. M., and J. M. Dean. 1988. Identification of
juvenile hybrids of Morone based on meristics and
morphometrics. Transactions of the American Fish-
eries Society 117:529–535.
Heyward, L. D., T. I. J. Smith, and W. E. Jenkins. 1995.
Survival and growth of white bass, Morone chry-
sops, reared at different salinities. Journal of the
World Aquaculture Society 26:475–479.
Hrubec, T. C., S. A. Smith, J. L. Robertson, B. Feldman,
H. P. Veit, G. Libey, and M. K. Tinker. 1996. Com-
parison of hematologic reference intervals between
culture system and type of hybrid striped bass.
American Journal of Veterinary Research 57:618–
623.
Hunn, J. B., I. E. Greer, and A. W. Grady. 1992. Some
methods for assessing the quality of striped bass for
use in laboratory studies. Progressive Fish-Culturist
54:41–45.
Johnson, G. D. 1984. Percoidei: development and re-
lationships. Pages 464–498 in H. G. Moser, W. J.
Richards, D. M. Cohen, M. P. Fahay, A. W. Kendall,
Jr., and S. L. Richardson, editors. Ontogeny and
systematics of fishes. American Society of Ichthy-
ologists and Herpetologists, Special Publication 1,
Allen Press, Lawrence, Kansas.
Kahl, K. 1997. Marketing in the hybrid striped bass
industry. Aquaculture Magazine 23:27–42.
Kane, A. S., R. O. Bennet, and E. B. May. 1990. Effects
of hardness and salinity on survival of striped bass
larvae. North American Journal of Fisheries Man-
agement 10:67–71.
Kerby, J. H. 1986. Pages 127–147 in R. R. Stickney,
editor. Culture of nonsalmonid freshwater fishes.
CRC Press, Boca Raton, Florida.
Kerby, J. H., and R. M. Harrell. 1990. Hybridization,
genetic manipulation, and gene pool conservation
of striped bass. Pages 159–190 in R. M. Harrell, J.
H. Kerby, and R. V. Minton, editors. Culture and
propagation of striped bass and its hybrids. Amer-
ican Fisheries Society, Southern Division, Striped
Bass Committee, Bethesda, Maryland.
Lal, K., R. Lasker, and A. Klujis. 1977. Acclimation
and rearing of striped bass larvae in sea water. Cal-
ifornia Fish and Game 63:210–218.
Mavares, R. N., and J. E. Pe´rez. 1984. Blood adaptations
to marine and freshwater environments in fish of
the family Sciaenidae (Perciformes). Journal of Fish
Biology 25:657–663.
Mazik, P. M., B. A. Simco, and N. C. Parker. 1991.
Influence of water hardness and salts on survival
and physiological characteristics of striped bass
during and after transport. Transactions of the
American Fisheries Society 120:121–126.
Meador, M. R., and W. E. Kelso. 1990. Physiological
responses of largemouth bass, Micropterus salmo-
ides, exposed to salinity. Canadian Journal of Fish-
eries and Aquatic Sciences 47:2358–2363.
Morgan, R. P., II, V. J. Rasin, Jr., and R. L. Copp. 1981.
Temperature and salinity effects on development of
striped bass eggs and larvae. Transactions of the
American Fisheries Society 110:95–99.
Oppenborn, J. B., and C. A. Goudie. 1993. Acute and
sublethal effects of ammonia on striped bass and
hybrid striped bass. Journal of the World Aquacul-
ture Society 24:90–101.
Peltier, W. H., and C. I. Weber, editors. 1985. Methods
for measuring the acute toxicity of effluents to fresh-
water and marine organisms, 2nd edition. U.S. En-
vironmental Protection Agency, EPA 600/4-85/013,
Washington, D.C.
Rebush, K. J., and A. G. Heath. 1997. Effects of re-
covery water salinity on secondary stress responses
of hybrid striped bass fingerlings. Progressive Fish-
Culturist 59:188–197.
Rudacille, J. B., and C. C. Kohler. 2000. Aquaculture
performance comparison of sunshine bass, palmetto
bass, and white bass. North American Journal of
Aquaculture 62:114–124.
SAS Institute. 1989. SAS/STAT 55 user’s guide: version
6, 4th edition. SAS Institute, Cary, North Carolina.
Seals, C., C. J. Kempton, J. R. Tomasso, Jr., and T. I. J.
Smith. 1994. Environmental calcium does not af-
fect production or selected blood characteristics of
sunshine bass reared under normal culture condi-
tions. Progressive Fish-Culturist 56:269–272.
Spotte, S. 1992. Captive seawater fishes: science and
technology. Wiley, New York.
Stevens, R. E. 1989. Historical overview of striped bass
culture and management. Pages 1–15 in J. P.
McCraren, editor. The aquaculture of striped bass:
a proceedings. University of Maryland, Sea Grant
Publication, College Park.
Tomasso, J. R. 1997. Environmental requirements and
noninfectious diseases. Pages 253–270 in R. M.
Harrell, editor. Striped bass and other Morone cul-
ture. Elsevier, The Netherlands.
Watanabe, W. O., C-M. Kuo, and M-C. Huang. 1985.
The ontogeny of salinity tolerance in the tilapias
Oreochromis aureus, O. niloticus, and an O. mos-
sambicus 3 O. niloticus hybrid, spawned and reared
in freshwater. Aquaculture 47:353–367.
Wattendorf, R. J., and P. L. Shafland. 1982. Observa-
tions on salinity tolerance of striped bass 3 white
bass hybrids. Progressive Fish-Culturist 44:148–
149.
Wedemeyer, G. A., B. A. Barton, and D. J. McLeay.
1990. Stress and acclimation. Pages 273–334 in C.
B. Shreck, and P. B. Moyle, editors. Methods for
fish biology. American Fisheries Society, Bethesda,
Maryland.
Wedemeyer, G. A., and W. T. Yasutake. 1976. Clinical
methods for the assessment of the effects of envi-
202 MYERS AND KOHLER
ronmental stress on fish health. U.S. Fish and Wild-
life Service, Technical Paper 89, Bethesda, Mary-
land.
Weirich, C. R., J. R. Tomasso, and T. I. J. Smith. 1992.
Confinement and transport-induced stress in white
bass Morone chrysops 3 striped bass M. saxatilis,
hybrids: effects of calcium and salinity. Journal of
the World Aquaculture Society 23:49–57.
Williams, J. E., P. A. Sandifer, and J. M. Lindberg. 1981.
Net-pen culture of striped bass 3 white bass hybrids
in estuarine waters of South Carolina: a pilot study.
Journal of the World Mariculture Society 12:98–
110.
Winger, P. V., and P. J. Lasier. 1994. Effects of salinity
on striped bass eggs and larvae of the Savannah
River, Georgia. Transactions of the American Fish-
eries Society 123:904–912.
Woods, L. C., III, J. H. Kerby, and M. T. Huish. 1983.
Estuarine cage culture of hybrid striped bass. Jour-
nal of the World Mariculture Society 14:595–612.
